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♦NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the synchronous motor equipped with the current sensor which detects the alternating current of 
two or more phases of the three-phase-circuit alternating current of a synchronous motor, the temperature sense 
which detects the temperature of said synchronous motor, and the temperature protective device which controls 
the temperature rise of said synchronous motor Said temperature sensor is formed in the location which detects 
the temperature of one coil in the coil which supplies the alternating current of said three phase circuit. It is the 
synchronous motor which has the arithmetic unit which predicts the temperature of other coils based on said 
detected temperature, and is characterized by said temperature protective device being what controls said 
temperature rise by computing and outputting the torque command to said synchronous motor based on said 
predicted temperature. 

[Claim 2] The synchronous motor which the attachment location of said temperature sensor is the maximum he 
spot of said coil, and is characterized by computing the temperature detected by said temperature sensor, and 
the temperature of the coil which has not attached said temperature sensor based on the current value detected 
by said current sensor with said arithmetic unit in claim 1. 

[Claim 3] It is the synchronous motor characterized by computing the temperature which said temperature 
sensor was formed in one of said the coils in claim 1, and was detected by said temperature sensor, and the 
temperature of the maximum hot spot of the coil which has not attached said temperature sensor based on the 
current value detected by said current sensor with said arithmetic unit. 

[Claim 4] It is the electric rolling stock characterized by said synchronous motor consisting of either of claims 
1-3 in the electric rolling stock equipped with supply receptacle ************ Q f power through the power 
converter from the dc-battery. 

[Claim 5] While detecting the alternating current of two or more phases of the three-phase-circuit alternating 
current of a synchronous motor In the control approach of the synchronous motor which detects the temperatur 
of the coil which supplies the three-phase-circuit alternating current of said synchronous motor, and controls th 
temperature rise of said synchronous motor based on the this detected temperature Said temperature to detect is 
what detects the temperature of one coil in the coil which supplies the alternating current of said three phase 
circuit. The control approach of the synchronous motor which predicts the temperature of other coils based on 
said detected temperature, and is characterized by controlling the temperature rise of said synchronous motor 
based on the this predicted temperature. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the electric rolling stock using a new synchronous motor and 
new it, and its control approach, and relates to the control unit and the control approach of driving the 
synchronous motor preferably carried in electric rolling stock. 
[0002] 

[Description of the Prior Art] The motor which has spread industrial use through a large field at first has many 
to which the temperature sensor is attached, and when temperature rises unusually, it is common to take the 
configuration which the amount of energization is restricted, or a condensator is operated, and avoids breakage 
of a device. 
[0003] 

[Problem(s) to be Solved by the Invention] Since calorific value differs greatly for every phase when it 
energizes below at a specific rotational frequency, a temperature gradient produces a synchronous motor in eac 
interphase of a coil. For this reason, when hanging temperature protection so that it may become below a 
predetermined value about coil temperature, it is necessary to attach a temperature sensor for every phase. 
However, there is a problem that attaching a temperature sensor for every phase and its location cannot 
necessarily be set as the maximum hot spot of a coil from constraint of workability, either. 
[0004] The purpose of this invention predicts the temperature of the maximum hot spot of a coil by one 
thermometry, and is to offer the electric rolling stock using the synchronous motor and it which controlled the 
unusual temperature rise of a synchronous motor, and its control approach 
[0005] 

[Means for Solving the Problem] In the synchronous motor with which this invention was equipped with the 
current sensor which detects the alternating current of two or more phases of the three-phase-circuit alternating 
current of a synchronous motor, the temperature sensor which detects the temperature of said synchronous 
motor, and the temperature safeguard which controls the temperature rise of said synchronous motor Said 
temperature sensor is formed in the location which detects the temperature of one coil in the coil which supplie 
the alternating current of said three phase circuit. It has the arithmetic unit which predicts the temperature of 
other coils based on said detected temperature, and is characterized by said temperature protective device being 
what controls said temperature rise by computing and outputting the torque command to said synchronous 
motor based on said predicted temperature. 

[0006] The temperature which the attachment location of said temperature sensor is the maximum hot spot of 
said coil, and was detected by said temperature sensor, and the temperature of the coil which has not attached 
said temperature sensor based on the current value detected by said current sensor are computed with said 
arithmetic unit, Moreover, as for said temperature sensor, it is desirable to compute the temperature which was 
prepared in one of said the coils, and was detected by said temperature sensor, and the temperature of the 
maximum hot spot of the coil which has not attached said temperature sensor based on the current value 
detected by said current sensor with said arithmetic unit. 

[0007] This invention is characterized by said synchronous motor consisting of either of the above-mentioned 
synchronous motors in the electric rolling stock equipped with supply receptacle ************ of power 
through the power converter from the dc-battery. 

[0008] While this invention detects the alternating current of two or more phases of the three-phase-circuit 
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alternating current of a synchronous motor In the control approach of the synchronous motor which detects the 
temperature of the coil which supplies the three-phase-circuit alternating current of said synchronous motor an 
controls the temperature rise of said synchronous motor based on the this detected temperature It is 
characterized by for said temperature to detect detecting the temperature of one coil in the coil which supplies 
the alternating current of said three phase circuit, predicting the temperature of other coils based on said 
detected temperature, and controlling the temperature rise of said synchronous motor based on the this predicte 
temperature. * 

[0009] That is, the temperature sensor to attach can be set to one by searching for the maximum hot spot 
temperature of the coil temperature of a V phase W phase by count based on specific relational expression 
whenever [ motor alternating current detection values Iu, Iv, and Iw and motor actual temperature / value / Ts / 
detection ]. Moreover, if correlation of the temperature of the sensing location of the maximum hot spot and 
temperature is known even if it does not attach a temperature sensor to the maximum hot spot of a coil the 
wfflbe Quired a temperature sensor can be made into *« eas y location of an activity, and high productivity 

[ooio] 1 

[Embodiment of the Invention] Drawing 1 is the block diagram of the drive control system for electric rolling 
stock which applied the synchronous motor equipped with the control unit of this invention. A synchronous 
motor 1 is a permanent-magnet type synchronous motor, uses a dc-battery 7 as a power source, carries out an 
inverter, i e an inverter, for a power converter 2, and receives supply of power. The capacitor 5 which carries 
out smooth [ of the input voltage ] to the direct-current input side of a power converter 2, and the direct-current 
input voltage sensor 6 which measures the direct-current input voltage to a power converter 2 are connected to 
the permanent-magnet type synchronous motor 1, and a direct-current input voltage value is transmitted to a 
control unit 8. Moreover, the current sensor 9 which measures the alternating current of a synchronous motor 1 
to the alternating current power output side of a power converter 2 is installed in U phase, V phase and W 
phase, respectively, and transmits the alternating current value of each phase to motor temperature presumption 
equipment 1 1 Moreover, the motor temperature sensor 4 is attached to the permanent-magnet type synchronou 
motor 1 at U phase of a coil, and the signal of the motor temperature sensor 4 is inputted into motor temperatur 
presumption equipment 1 1 . Since a control unit 8 obtains the torque command Trefl from the temperature 
protective device 10 and outputs the torque as the torque command Tref, it controls delivery and a power 
converter 2 for a 6 phase PWM signal to a power converter 2. In the temperature protective device 1 0 the 
criteria torque command Tref is received from the circuit which is not illustrated, and the torque command 
Irell which controls a motor temperature rise based on the motor temperature maximum which motor 
temperature presumption equipment 1 1 outputs is computed and outputted. 

[001 1] Drawing 2 is drawing showing the temperature model of motor winding. R and C express thermal 
resistance and heat capacity, respectively, W expresses calorific value and Tw expresses a circulating water 
temperature. A suffix "a" and V are attached to distinction of a stator layer and a coil layer. For simplification 
a cooling water layer presupposes that the temperature distribution by the existence of passage are nothing and 
the temperature distribution of cooling water are made into homogeneity. A heat source is considered only'as 
the loss of a coil and receipts and payments of the heat of the engine system transmitted through iron loss a 
shaft, etc. are disregarded. Moreover, a coil is treated as a mass. Since heat capacity is very small, the slot liner 
between a coil layer and a stator layer usually disregards a time constant, and a resisted part is included in one 
ot a coil layer and the stator layers, and is treated. Suppose that a temperature sensor is attached to the 
maximum hot spot of U phase winding. 

[0012] Especially in a low-speed rotation region, generation of heat by energization is a main thing, and the 
temperature rise of the coil section of this motor is the calorific value of a UVW phase. Calorific value Wu=r- 
Iu2 Wu=r-Iv2 Wu=r-Iw2 Formula (1) 

Calorific value of a Wx:UVW phase winding, r: It can formulize in the amount of energization of a wirewound 
resistor and an Ix:UVW phase winding. If the coil temperature Tu, Tv, and Tw of each UVW phase is 
developed to a mathematical theory according to the physical model of drawing 2 , it will be expressed bv 
following formula (2) - (5). v y 

[0013] 
[Equation 1] 
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Tu = (WuX3Rc+Ta) X — — I 



1+ra- s *(2) 



[0014] 
[Equation 2] 

Tv = (Wvx3Rc+Ta) X 1 



1+ra-s ^ (3) 



[0015] 

uation 3] 

w ~ = (WwX 3Rc +Ta) X 1 



1+Ta-s S(4) 



[0016] 
[Equation 4] 



Ta = 



(Wu+Wv+Ww) XRs+Tw) X 



1+Ta-s * (5 ) 



[0017] However, the heating value which flows into a stator is a mathematical solution. W= {(Wu+Wv+Ww) - 
Cc-Ta-s} /{1+tauc-s} Formula (6) 

For simplification, it considers as the following formula (7) and carries out simple instead of ******. 
W= (Wu+Wv+Ww) Formula (7) 

[001 8] Since [ a temperature sensor ] it is attached to U phase, U phase- winding temperature Tu can carry out 
direct observation. Moreover, by the ability finding the U phase current Iu from a current sensor, since a 
wirewound resistor r, thermal resistance Rc, and thermal time constant taua are known beforehand, it can be 
found by the amount of [ by stator temperature / Tf ] coil temperature change by the formula (8) which changec 
the formula (2). 
[0019] 
[Equation 5] 

Tf = r~ — = Tu - W«*3_Rc 

1+ra ' s 1+ra-s ^(8) 



[0020] Moreover, if based on a formula (1), (3), (4), and (8), VW phase- winding temperature Tv and Tw is alsc 
computable, since the VW phase current Ivlw is searched for from a current sensor with count. 
[0021] Here, the computer containing the program recorded on Memory ROM, CPU which reads this program 
and performs predetermined processing along with the procedure of a program, and the memory RAM which 
records said program, a function required for processing, a constant, data, etc. constitutes motor temperature 
presumption equipment 1 1 . 

[0022] Drawing 3 shows the processing flow of the program for motor temperature presumption equipments of 
drawing 1 with a flow chart. This CPU performs this program at a predetermined interval. 
[0023] A program flow is step [ in drawing ] **, inputs Data Ts whenever [ actual temperature / which a 
temperature sensor outputs ], and inputs the alternating current sensor outputs Iu, Iv, and Iw further. Next, the 
magnitude of a rotational frequency is judged, and by step ** in drawing, when the magnitude of a rotational 
frequency is below a predetermined value (YES in drawing), below step ** is performed below, and when the 
magnitude of a rotational frequency is larger than a predetermined value (NO in drawing), the step in drawing 
(10) is performed. In step **, the calorific value Wu, Wv, and Ww of each coil is computed based on the above 
mentioned formula (1) using the alternating current sensor outputs Iu, Iv, and Iw. Next, Ts is converted into the 
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maximum hot spot temperature of U phase winding in step **. For example, when the difference ofthe 
maximum hot spot temperature Tu of Data Ts and U phase winding is proportional to the square ofthe amount 
of energization whenever [ actual temperature ], it is Tu = Ts+K-Iu2. What is necessary is just to amend. Next, 
m step **, it asks for a part for the stator temperature effect Tf by the formula (8). Next, by step **, Tv is 
calculated by the formula (3) based on Iv and Tf. Next, by step **, Tw is calculated by the formula'(4) based oi 
Iv and Tf. By step **, the inner maximum temperature of Tu, Tv, and Tw is chosen, and it outputs to the buffer 
Buf arranged on memory. On the other hand, at a step (10), while stopping temperature forecasting calculation 
and outputting Data Ts to the above-mentioned buffer Buf as it is whenever [ actual temperature ], the filter 
variable used by step ** - ** is initialized. In step **, change per time amount is restricted to the appearance 
which is not changed rapidly [ the maximum temperature ]. 

[0024] Drawing 4 is the circuit diagram showing the time response amendment approach of a temperature 
sensor output. So far, although the temperature sensor attachment location was made into the maximum hot spc 
of U phase winding, when it cannot attach to the maximum hot spot due to an activity, it may attach to another 
location, it may amend like a formula (9), and Tu may be converted. Moreover, when the response of a 
temperature sensor is slower than the time constant of the temperature of a motor, whenever [ actual 
temperature ] is amended by the tracking loop formation shown in drawing 4 . As one example, the response oi 
a temperature sensor was made into primary delay by drawing 4 . 

Tu=f (temperature-sensor detection value), f(): Correction function of a temperature sensor Formula (9) 
[0025] Therefore, although the above example considered the motor temperature sensor as U phase attachment, 
even if it attaches to either V phase and W phase, it is clear that a function can be offered by the same count 
[0026] 

[Effect ofthe Invention] It is not necessary to attach one temperature sensor to the coil three phase circuit of a 
motor respectively, and according to this invention, since a temperature sensor can be set to one, actuation can 
be done easily. Moreover, even if the speed of response of a temperature sensor is not necessarily early, since 
you may not be the maximum hot spot, the workability in motor manufacture is high [ it is highly precise, and / 
since the temperature data of a desired motor can be obtained, the attachment location of a temperature sensor i 
attached and is an easy location, and ]. 

[Translation done.] 
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(3) «f§B 2001-268989 

4 

* «£g 8 tt . h * f g^Tref 1 £&£fi?S£K 10^0 

MTZ F^^B*Trefi*JHaiyra*-r*. 
[0 0 1 1 ] i 2 - ^ i«©SS^f;b^tSr 

io it Tw«>&*p*iaa[«:3i-r. xr—zmt^jjimo 

BJJ0tC«, Ss*^ "a" , "c" fttfttS. fSBg{t£>/c 

20 [0 0 l 2 ] CO*-*©«»ffl©jHSU:»tt, ^tCfi 

Wu= r -Iw 2 S ( I ) 

(2) - (5) Ccr^ig^ns. 

[0013] 



[0 0 14] 



[0 0 15] 



Tv = 



TV = 



(WvX 3 Rc+Ta) X 



1 + ta« s 
★30* [&2] 
1 

1 +Te- s 



tSt *r [S3] 

(Wwx 3 R c +Ta) x i 

1 + Ta« s 



5«(2) 



SCO) 



[0 0 16] 



♦ ♦ [«4] 



Ta — (Wu+VVv+Ww) XR S+ TV) X ■ 1 



5t(5) 



[ o o i 7 ] fiu xx-^oc?SA-rssia«^ii»? 

w= { (wu-fwv/+wv) -Cc-Ta- s)/(l+rcs) (6 ) 

*tt3tt*>D(C, fSBS<fc©/c#>, TIBO^ (7) iL, fSBST*. 

W= (Wu+Wv+Wfcy) SC ( 7 ) 

[0018] aR-fe>lfttuB«:f*RStirc^ i Ofc iMifrte>ihfc&#* 0««(fi!a r &ttffiRRc&Mft£ 



C*) <ft?$2 001-268989 



5 6 



1 +ra* , 



[ o o 2 o ] vwfa®jsiviw^^-fe>i^^^>5}cd6e> 
tiztc&> % s:(i) o) (4) < 8 ) fca-^mivwra 

[0 0 2 l] ccr, ^-^figJS^Ki ni s ^ 
[0 02 3] yp^^A^P-a, i^xr^'O) 

^at*«'fe>ifui^iu l iv l iw*A*'r-5 0 gj 

**3*9Be«JMT©*B^ (0*<DYES) . «TXr«; 
7"<3>tTF£^fU 0|g»©**3*s»fSffiJ:O^:*(r» 
^ (B4>0NO) «S*<2>x^^^(ioM^?ft-^ 0 * 
^®"C», ^W*-fe>*ffi*iu,iv l iw*ffle(,*H«a 
osC ( l ) ^cS^*S«*S<z>*i»«wu f wv f wi«*#tB-r 38 
Tu= f (?as-fe>if^tBfl) , f ( ) 
[0-02 5] «£oT\ «±©HttWtt^-*ffl£«fe>^ 

[002 6] 



= Ts + K-Iu 2 KT«jE-fntfJ:l> e *cfcX^*:/ 

©r«, s (8) cc^to, *^-*fflfiRj»#Tf*#to 
Wcxtv iviTrtcS-^S; (3) gcttv 

^CC*^*?'©^ (4) 
(CtTw^fe^ fl ^f^^T, Tu. Tv, Tw<£>F*3SA 

[0 024] 04«SS-t2>1fUi*CD^F|fflr£;SliiE^ 

<C#R-C*fc<r>«te % B9<DfiM{C«RU SC (9) C7)*£ 
Ki*iEUTTu*gWl,-c«>gt,» B Sg-b>^(7)iS 
■ ■ Jr OUXoiftgR J: $5 21 > i » h 4 (c^ 

rSS-fe >*0E>JiiEW* SC ( 9 ) 
[Bffi<DflM*ttH§B] 

[13 3] B1©*-*M!SSK«©^:7P-B. 

So 

1-HXHUUI. 2-*&gK». 4^-«St> 

a, i i-*-*«n«aai 



(5) 
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► era 
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[IS 3] 



H3 







- h 










7— 






No 



<io) 



? 4 fir? lamas* 



® 



F£-A(#3*> 5H115 PG04 PI13 PU10 FV09 QN03 
TO05 T012 TR04 71/12 

5H576 CC02 DD02 DD07 EE11 GG04 
HB02 3303 3304 JJ17 3324 
3325 3326 LL22 LL24 LL38 
LL45 NM06 

5H611 AA03 BB07 PP02 QQ04 UA02 
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